OBJECTIVE: Few data are available on the actual degree of coronary atherosclerosis or its relationship to body composition in young women. The present study was carried out to identify, with the help of simple indicators of obesity and body structure, those women under 50 y of age who have the most advanced coronary lesions. DESIGN: Autopsy reports were analysed including age, height, weight, abdominal subcutaneous fat thickness, heart weight, liver and kidney weights, coronary atherosclerosis, and ovarial status. SUBJECTS: Female cases of sudden unexpected death (n 599) aged between 15 and 50 y autopsied in 1973 ± 1995 were collected from the ®les of the Department of Forensic Medicine, University of Oulu, Finland. RESULTS: The percentage of individuals with coronary lesions was 50% in women over 41 years of age, 32% in women from 31 to 40, 17% in women from 21 to 30, and 6% in women under 20 y of age. 2.1% of the women had died from manifestations of coronary heart disease (CHD). The most severe lesions were found in women with body mass index (BMI) between 24.2 and 27.2 when adjusted for age, and when abdominal subcutaneous fat thickness exceeded 35 mm when adjusted for age and BMI. Heart weight indexed to body size increased with BMI and abdominal fat and was positively correlated with the degree of coronary atherosclerosis, which was also associated with short stature and high liver and kidney weights when adjusted for body size. CONCLUSION: Mild to moderate overweight, short stature, increased amounts of abdominal subcutaneous fat, increased components of fat free mass and myocardial hypertrophy are the physical characteristics that indicate more advanced coronary atherosclerosis in women under 50 y of age.
Introduction
Few clinical or autopsy-based data are available on the actual degree of coronary atherosclerosis in young or premenopausal women because clinical manifestations of the atherosclerotic process seldom concern these individuals. Symptomatic coronary heart disease (CHD) in women does not usually appear before menopause, although premature coronary atherosclerosis, thrombosis and myocardial infarction have also been reported in women under 50 y of age. 1, 2 Body mass index (BMI) and waist:hip ratio (WHR) are positively associated with all major risk factors for CHD in both men and women. 3 ± 5 Adams-Campbell et al 6 report an upside-down U-shaped relationship between BMI and coronary artery disease in African ± Americans undergoing coronary angiography. Angiographic examinations have revealed a positive association between clinically signi®cant coronary artery disease and abdominal obesity. 7, 8 Manson et al 9 demonstrated a signi®cantly increased risk of both fatal and non fatal CHD associated with increasing quintiles of BMI in women when controlled for the effect of smoking, but they had no data on fat distribution.
We have previously reported that the severity of clinically silent coronary lesions at autopsy is associated with abdominal obesity in both men 10, 11 and women, 12 but only moderately overweight females with a BMI from 24.0 to 31.0 had the most severe coronary narrowings. McGill et al 13 found a positive association between BMI and the extent of intimal lesions in the right coronary artery but only in men.
Based on our earlier observations and on the fact that forensic autopsy data can provide information on the actual degree of atherosclerosis in otherwise healthy individuals, we designed a retrospective study in order to form a representative overall picture of the association between body structure, obesity and the degree of coronary atherosclerosis in a large series of young women who had died suddenly and did not have any clinical ante-mortem diagnosis of CHD. We aimed to develop a method of expressing numerically the coronary status described in the autopsy reports and investigated whether it would be possible to identify by means of simple indicators of body structure those young women with the most advanced coronary lesions. The following questions were speci®ed:
(1) What is the prevalence of coronary lesions in different age-groups ranging from 15 to 50 y, and what proportion of women in their forties still have lesion-free coronary arteries? (2) Is there an upside-down U-shaped relationship between obesity and the degree of coronary atherosclerosis evaluated at autopsy, or is it linear? (3) What is the relationship of the components of fat free mass to coronary pathology? (4) Are there any subgroups with common characteristics related to the degree of coronary involvement, e.g. with respect to alcohol consumption? (5) Are there any common characteristics related to the body structure of young women who die unexpectedly from manifestations of coronary atherosclerosis?
Methods

Subjects
All female cases aged between 15 and 50 y autopsied in 1973 ± 1995 were collected from the ®les of the Department of Forensic Medicine, University of Oulu, Finland. The upper limit of 50 was chosen because the average age at menopause is 51 y. 14 Out of the total of 980 cases found, 599 (61%) were chosen for investigation using the following criteria: sudden unexpected death from a violent cause or from an unexpected natural cause, based on the principles presented by Kuller et al. 15 Individuals with diabetes, known dyslipidaemia, antemortem infections, malignant tumours or some other severe chronic disease, chronic alcoholics living on the streets, and individuals with reported antemortem weight changes or severe crush injuries, pregnancy or hormone therapy were excluded. 35% of the cases consisted of violent deaths from accidental causes, 7% from homicide, 37% from suicide and 14% from sudden unexpected natural causes. The manner of death remained undetermined in 7% of the cases that were considered either accidental or suicides.
Complete autopsy reports with attached results of microscopic examinations and toxicological analyses, death certi®cates, clinical data and police records were gone through in every case. The police records included a standard form on which the results of investigations at the scene of the death, interviews with family members andaor other persons involved and information on diseases, alcohol consumption and medication were presented. The medical records included copies of the papers obtained from hospitals andaor medical reception centres.
The following data were extracted: age, height, body weight, abdominal subcutaneous fat thickness, heart weight, liver weight, sum weight of the kidneys, description of the coronary arteries, cause and manner of death, alcohol and drug concentrations, medication used, drinking and smoking habits, antemortem health data and organ pathology detected, including the status of the ovaries.
Measures of obesity BMI (kgam 2 ) and quintiles of BMI and abdominal subcutaneous fat were calculated. The thickness of the abdominal subcutaneous fat (mm) had been measured at the umbilical level.
Coronary arteries
The degree of coronary atherosclerosis was assessed separately in the left main coronary artery (LM), left anterior descending artery (LAD), left circum¯ex artery (CX) and right coronary artery (RCA). The degree of atherosclerosis was determined using the degree of narrowing caused by the most severe lesion in each artery. A numerical value was given for each artery according to principles presented previously 10±12,16 but modi®ed to the following scale, as the narrowing percentages were often expressed as underaover 50%: 0 normal coronary artery, no lesions detectable, 1 plaques causing luminal narrowing under 50%, 2 plaques causing luminal narrowing of 50%, 3 plaques causing luminal narrowing over 50%, 4 plaques causing total occlusion of the lumen. The total narrowing score for each individual was obtained from the sum of the scores for the four arteries (maximum 16).
The coronary intimal area covered by the lesions was not described well enough in the majority of the protocols. Therefore percentages of the extent of the lesions could not be presented. The types of lesions detected were well described, however, and therefore we designed another scale on which the lesions were given a numerical value according to the type described: 1 fatty streaks or dots, 2 ®brous plaques, 3 calci®ed lesions. If thrombus formation had been detected, an additional 1 point was given for each lesion type (e.g. calci®ed lesion with thrombus: 3 1 4, maximum score 16). The sum value on the two scales, degree of narrowing and lesion type, was calculated for each vessel, separately. The maximum sum score for the whole coronary tree was, therefore, l6 16 32.
The reliability of the method was tested the following way. In thirty cases of sudden death without clinically veri®ed CHD, the coronary arteries were excised free from the heart, mounted on cardboard and stained with Sudan IV, 17 and the numerical values were assigned according to the types of lesions and degrees of luminal narrowing without knowing the case histories or the autopsy ®ndings. These results were then compared with the numerical values given in the autopsy reports.
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Allometric relations of heart weight
The hearts had been removed as described earlier, 12 washed and weighed thereafter. The left ventricular mass obtained by echocardiography and indexed to height 2.7 is considered the best method for normalisation to body size. 18 As the hearts were not documented as showing any anatomical abnormalities, and as the total heart weight is known to re¯ect left ventricular mass well, 19 the heart weights were indexed to height 2.7 .
Liver and kidney weights indexed to body size
The liver weight and the sum weight of the kidneys were indexed to body height (gam) and quintiles of kidney weightaheight and liver weightaheight were calculated. The weights of the other internal organs were not included here because of agonal changes related to the cause of death in many of the cases, e.g. increased lung weight with drowning. Liver and kidney weights were used only for those cases in which no severe injuries were documented in these organs (liver: 580 cases, kidney: 560 cases).
Statistical analysis
All the analyses were performed using the Statistical Package for the Social Sciences software. 20 Analysis of variance was used for comparisons between the four age groups: 1. 15 ± 20 y, 2. 21 ± 30 y, 3. 31 ± 40 y, 4. 41 ± 50 y. Analysis of covariance with age as a covariate was used to compare coronary lesions and heart weightaheight 2.7 across quintiles of BMI and abdominal subcutaneous fat, and analysis of covariance with age and BMI together as covariates was also used to compare coronary lesions and heart weightaheight 2.7 across quintiles of abdominal fat. These analyses were also performed when alcohol consumption and medication were included as confounding factors. Coronary lesions were compared across quintiles of kidney weightaheight, across liver weightaheight, and across quintiles of body height by analysis of covariance. The Mann-Whitney U-test was used to compare individuals declared positive for alcohol and alcohol-free subjects, and in the comparisons between the group of women who had died from CHD and their age-matched controls. A bivariate correlation was calculated between the coronary sum score evaluated in 30 Sudan-stained coronaries and the score obtained from the autopsy protocols, and a partial correlation adjusted for age between the coronary sum score and heart weightaheight 2.7 .
Results
Descriptive statistics for the whole material and for the four age groups separately are presented in Tables  1 and 2 . The median age of the series of autopsies was 39 y. There was great variation in body size and the percentage of overweight individuals increased with age (Table 3) .
Blood andaor urinary alcohol had been analysed in 84% of the cases, of which 38% had been positive, the concentrations being generally low (Table 1) . A 
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complete toxicological analysis had been performed in 39% of cases, and the results had been positive in 60%, usually indicating therapeutic concentrations of drugs known to have been taken antemortem or toxic concentrations together with alcohol in the suicide group. 35% of the women were reported to have had mental problems (mainly depression and sleep disorders, 15 cases of schizophrenia), 36% had been classi®ed as alcohol consumers and 39% were reported to have been receiving some form of medication (mainly minor tranquillisers or antidepressants, less often antipsychotic drugs). In 5% of the cases, there had been antemortem cardiovascular symptoms such as sudden onset of chest pain before death (0.5%) or elevated blood pressure (4%). Information on smoking habits was available in only seven cases but these did not contain any quantitative data. There were generally few data available on the physical activity or dietary habits of any of the individuals. 2.1% of the women (12 cases) had died from manifestations of CHD. Acute myocardial infarction was the main cause of death in 4.1% of those over 41 y of age and in 1.2% in the age group between 31 and 40 y. Acute coronary thrombosis was detected in 2.2% of the women over 41 y and in all those between 31 and 40 y with an infarction. Coronary atherosclerosis alone was determined as the main cause of death in one of the cases in the oldest age group and in one case in the age group from 21 to 30 y.
The coronary sum score obtained from the Sudanstained vessels showed a signi®cant positive correlation with the autopsy protocol data (r 0.769, P 0.000).
The coronary sum score increased signi®cantly with age, but was low even in the oldest age group ( Figure  1 ). Heart weightaheight 2.7 and all the other measures of body size, except for height itself, increased with age ( Table 2 ). The percentage of individuals with no lesions detected in their coronary arteries decreased with increasing age, being 94% in women under 20 y and 50% in those over 41 y ( Table 4) .
The sum score of coronary lesions varied signi®-cantly over the quintiles of BMI when adjusted for age. The most severe lesions were observed in the women with a BMI between 24.2 and 27.2 ( Figure 2) . Signi®cant variation was also seen when the degrees of the LM, LAD, CX and RCA lesions were tested separately over the quintiles of BMI (F 14.786, P 0.000 for LM, F 13.459, P 0.000 for LAD, F 13.119, P 0.000 for CX, and F 13.975, P 0.000 for RCA). The sum score of coronary lesions varied signi®cantly across the quintiles of abdominal subcutaneous fat thickness when adjusted for age, and for age and BMI together, the most severe lesions corresponding to the highest quintile of abdominal fat (Figure 3) .
Heart weightaheight 2.7 increased signi®cantly with BMI and abdominal fat thickness. Heart weightaheight 2.7 varied signi®cantly across the quintiles of BMI (Figure 4 ) and across the quintiles of abdominal subcutaneous fat when adjusted for age or age and BMI together ( Figure 5 ). The sum score of coronary lesions was lowest in the tall women, and varied signi®cantly across the quintiles of height when adjusted for age ( Figure 6 ). The sum score was highest BMI body mass index. Figure 1 Means of coronary lesions (score 0 ± 32) with 95% con®dence intervals in four age groups. Analysis of variance: F 23.021, P 0.000.
Table 4
Percentages of women with lesion-free coronary arteries and lesion-positive coronary arteries in four age groups
Age group
Lesions No lesions 15 ± 20 y 6% 94% 21 ± 30 y 17% 83% 31 ± 40 y 32% 68% 41 ± 50 y 50% 50% Figure 2 Means of coronary lesions (score 0 ± 32) with 95% con®dence intervals across quintiles of BMI. Analysis of covariance, age as a covariate: F 15.421, P 0.000.
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in the highest quintiles of kidney weightaheight (F 14.636, P 0.000) and liver weightaheight (F 16.110, P 0.000). The coronary sum score had a positive correlation with heart weightaheight 2.7 when adjusted for age (r 0.201, P 0.000).
There were no statistically signi®cant differences in the cardiac parameters or BMI and abdominal fat between the women with positive alcohol determinations and the alcohol-free subjects. The coronary sum score and heart weightaheight 2.7 varied signi®cantly across the quintiles of BNI and abdominal subcutaneous fat when alcohol consumption and medication together with age were included as covariates (all Pvalues`0.001).
Absolute and relative heart weights and kidney weights were signi®cantly higher CHD in the women who had died from manifestations of CHD than in their age-matched controls (P-values`0.05). The coronary sum score and degree of coronary lesions in each vessel separately were also signi®-cantly higher than in the control group (Pvalues`0.05). There were no signi®cant differences in height, weight, BMI or abdominal fat thickness, and the status of the ovaries corresponded to age in both groups. No ovarial abnormalities were detected in the whole autopsy series.
Discussion
This is the ®rst report on coronary atherosclerosis and body structure to be based entirely on a large forensic autopsy series of younger women without any lifetime diagnosis of ischaemic heart disease or other chronic disease. The degree of coronary atherosclerosis was generally low in all the age groups, and half of the women from 41 to 50 y of age still had lesion-free coronary arteries. The number of lesion-free cases would probably have been smaller if Sudan staining had been used in the autopsies, as less severe lesions are often underestimated with only visual assessment, 21 but the percentages are, nevertheless, most likely of the right magnitude since the Sudan staining of 30 cases yielded very similar results to the autopsy assessments. Figure 3 Means of coronary lesions (score 0 ± 32) with 95% con®dence intervals across quintiles of abdominal subcutaneous fat thickness. Analysis of covariance, age as a covariate: F 14.522, P 0.000, age and BMI as covariates: F 12.097, P 0.000. Figure 4 Means of heart weightaheight 2.7 with 95% con®dence intervals across quintiles of BMI. Analysis of co-variance, age as a covariate: F 15.421, P 0.000. Figure 5 Means of heart weightaheight 2.7 with 95% con®dence intervals across quintiles of abdominal subcutaneous fat thickness. Analysis of covariance, age as a covariate: F 37.963, P 0.000, age and BMI as covariates: F 65.405, P 0.000. Figure 6 Means of coronary lesions (score 0 ± 32) with 95% con®dence intervals across quintiles of body height. Analysis of covariance, age as a covariate: F 16.255, P 0.000, age and BMI as covariates: F 13.595, P 0.000.
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The most severe coronary lesions were found in women with BMI from 24.2 to 27.2 when adjusted for age. This trend towards an upside down U-shaped relationship between BMI and coronary lesions is similar to those observed in the angiography-based study of Adams-Campbell et al 6 and our previous autopsy study of 33 premenopausal and postmenopausal women. 12 One possible explanation for this phenomenon could be a differential smoking rate across BMI level in this sample. The association of increased abdominal fat thickness with coronary lesions may indicate the relationship of adiposity to coronary lesions better than BMI, which is not an ideal indicator of body fat composition because it is also determined from fat-free mass. 22 Subcutaneous trunk fat has been reported to have as close an association with insulin resistance as visceral fat, 23 and the abdominal fat thickness shows a positive correlation with the size of visceral fat deposits when adjusted for age and BMI. 12 Increased energy intake with constant protein intake increases both fat tissue and fat-free mass, including heart weight. 24 The coronary sum score obtained here was positively associated with heart size and with two other components of fat free mass, liver and kidney size when adjusted for body size. Cardiac hypertrophy may also be related to other biological correlates of obesity, such as elevated blood pressure and increased cardiac output and stroke volume. 25 The women who had died from manifestations of CHD in the present series showed myocardial hypertrophy as compared with their age-matched controls. According to Sheridan et al, 26 cardiac hypertrophy may contribute to cardiac morbidity and mortality either independently or by exacerbating the effects of coronary stenoses. Hypertrophy also affects the coronary circulation by reducing the coronary reserve. 27 Short stature was associated with more advanced coronary lesions in this material. It has previously been associated with a risk of myocardial infarction in women, 28 but negative associations have also been reported in both men and women. 29 No apparent associations between alcohol consumption and coronary lesions were detected here, but no ®rm conclusions can be drawn from these results because it is dif®cult to estimate actual lifetime alcohol consumption or its duration in years, for example. The postmortem blood alcohol concentration is, nevertheless, considered to have some positive association with the drinking habits of an individual. 30 There are some limitations on this investigation which have to be taken into account when interpreting the results, for example:
(1) The lack of reliable information on smoking habits, diet and physical activity. 
Conclusion
In conclusion, mild to moderate overweight, short stature, increased amounts of abdominal subcutaneous fat, increased components of fat-free mass and myocardial hypertrophy are the physical characteristics that indicate more advanced coronary atherosclerosis in women under 50 y of age, but a considerable number of women in their last premenopausal decade show practically no signs of the disease. Low adiposity at all ages would probably prevent at least some of the later atherosclerotic development in women. The relationship of coronary atherosclerosis to body structure should be taken into account well before the menopause when evaluating the cardiovascular risk in women.
